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1. INTRODUCTION 
To know the ways in which grassland production is achieved in 
actual farming, during two years a grassland administration has been 
maintained on about twenty holdings in the district of Salland, 
Overijssel. From exploitation and yield data of the separate fields 
net production curves could be constructed. 
Yield curves for grassland were needed in order to check the 
results of investigations into the possibility of deriving along 
mathematical ways the relation between grass yield and growth condi-
tions. Contrary to usual methods, merely connecting final jnroduction 
with one or more growth factors to be studied, using data from exper-
imental fields, the mathematical model is based on biological laws 
accounting for the flux of ions in liquid and gas towards and within 
the plants. One of the essential advantages of the mathematical model 
is, that crop growth is calculated for small time intervals and the 
influence of yield decreasing conditions, such as insufficient mois-
ture or oxygen supply, can be accounted for on any moment of the 
process of growth. 
Since results of investigations, based upon purely theoretical 
considerations, ever require careful checking, the yield curves for 
limiting growth obtained by application of growth formulae had to be 
compared with production curves representing crop growth under actual 
farming conditions. 
In descriptions of fundamental growth processes, results are 
mainly expressed as dryjnatter production of the total plant mass, 
roots included. In actual net grassland production, however, produced 
quantities are either given as starch equivalents., or digestible crude, 
protein. Consequently attention had tó be given to conversion of net 
V. * :.. 2 U W . : s»e 
./-)J^s^<r'\£.- vr tv-*-
starch equivalents production into gross dry matter production. In 
the following pages starch equivalents will be abbreviated s.e. and 
dry matter d.m. 
2. NET S.E. PRODUCTION OF GRASSLAND 
2.1. Exploitation schemes 
The net s.e. production of grassland is not confined to growth 
conditions on the field concerned i.e. soil profile, moisture condi-
tion, fertility etc. In connection with roJtation_systems_of graz ing 
and mowing, the length of the intervals between one cycle and the 
next will be confined by the conditions of all* participating fields. 
This means, the net s.e. production is not exclusively depending on 
the production capacity of the grassland, but will be defined to a 
considerable extentby the farmers exploitation techniques,. For that 
reason the returns, i.e. the gross/net ratio, will be particularly 
a matter of the farmers skill and ingenuity to adapt his exploitation 
to prevailing non-optimal growing conditions. 
Fig. la and b show grassland exploitation schemes of two arbi-
trary Salland holdings in 1969. In table 1 the calculation of the 
s.e. production of one of the fields of these holdings is given. As 
an example that field has been chosen, where in comparison with all 
other parcels of the total number of farms involved, the highest 
yield was scored. 
In this case, exploitation of the field can be considered to 
exist of six separate cycles viz. mowing for hay making (1)> grazing 
(2), again mowing for hay making (3) followed by three times grazing 
(4, 5 and 6)) with intervals in between. 
Methods of designing optimal exploitation schemes are often based 
on certain levels of s.e. production called 's.e. supply' of the 
field required for each separate cycle. 
In projects for optimal grassland farming for instance, it is 
taken as a rule that no mowing or grazing will take place unless a 
certain amount of dry matter has been produced, that is considered 
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FARM no 1 
Exp lo i ta t ion scheme 
(1969) 
Mowing and grazing 
M=mowing 
S=sowing 
48=number of stock 
- = milking cows 
y= yearlings 
c = calfs 
a b c = joined fields 
(no N gifts inserted) 
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FARM no 10 
E x p l o i t a t i o n scheme 
(1969) 
Mowing and grazing 
Ms mowing 
S= sowing 
13, 11 etc= number of s tock 
- = milking cows 
y = y e a r l i n g s 
c = c a l f s h= horse 
a b c = jo ined f i e l d s 
250 etc= N k g / f i e l d g iven 
as "KAS" 23% 
8 ms 8 tons of manure/ f ie ld 
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sufficient to justify the execution of the cycle intended (WIELING, 
1973). The length of the intervals between the start of one cycle and 
the end of the preceding one therefore, is an indication of the pro-
duction capacity of the field in the course of the growing season 
under the prevailing growing conditions. 
2.2. Mowing 
The first cycle (mowing), took place on June 8th. If it is accep-
ted that grass growth starts about April 1st, the first growing period 
runs from that date to June 8th. This means that it took the grass-
land 69 days to achieve a s.e. production as obtained on June 8th. 
The quantity of product harvested has been taken here at 1500 s.e. 
per ha, which is considered standard for a mean cut (GARMING, 1967). 
In cases where an estimation of the quantities of hay or silage, 
either given in number of bales of known weight or calculated from 
the dimension of the silage pit was obtained, the s.e. production per 
cut could be established more accurately, using data concerning mean 
s.e. content of hay and silage provided by the Central Bureau for 
Fodder in the Netherlands. 
2.3. Grazing 
The share of grazing in the total net s.e. production has been 
calculated by multiplying the product of the number of livestock and 
the length of the grazing period in days by a standard for the daily 
uptake of starch equivalents per livestock unit, abbreviated se.lu . 
This implies a simplification compared with the investigations by 
the Netherlands Agricultural Extension Service and the Experimental 
Station for Animal Husbandry in Wageningen a.o., where the net pro-
duction of grassland is derived more accurately from 'maintenance', 
that is fodder required for performing the functions of life, from 
milk production, increase of weight of the stock and number of calfs 
being born during the grazing season. Results are similarly expressed 
in starch equivalents according to the standard of 'Geith', and the 
total production is obtained by simply adding the results of the 
successive activities. 
The reason why this elegant procedure was not followed in our 
case was, that the aim of the investigations dit not require a such-
like accuracy and moreover, repeated weighing of animals and products 
would mean a considerable increase in time for the investigation. 
The standard for daily uptake of s.e. during grazing, applied in 
our investigations has been calculated from data of GARMING (1967), 
which are based on information from the same three groups of experi-
mental farms that served the more detailed analysis described above 
viz. 'model farms', nitrogen test farms and a sample of farms taken 
at random for grassland production research in the Netherlands. 
It has been found, that for well-producing dairy cows the uptake 
amounts to 6.84 s.e. per grazing day. This can be checked as follows: 
Milking cows and cows in calf with a production capacity of 
4000-4750 kg of milk 4 % of fat are reckoned at 1.1 livestock unit 
(l.u).The annual fodder requirement per l.u. amounts to 2300 s.e. 
and consequently per dairy cow to 2530 s.e. The grazing season avera-
ges 185 days viz. from 1/5 to 1/11 and the fodder requirement during 
the season amounts therefore to 1265 s.e. which is 6.84 s.e. per 
grazing day. For other cattle the fodder uptake by grazing then 
amounts to 6.21 s.e. per day. Conversion factors for livestock units 
are: calfs under 6 months 0.2, over 6 months 0.4, yearlings, 1-2 
years 0.5, heifers over 2 years, in calf, 0.7. These standards have 
been applied with respect to the 2nd, 4th, 5th, and 6th exploitation 
cycle. The net s.e. production for each of these grazing periods 
which is given in the horizontal line indicated by f., is obtained 
by multiplication of the number of stock converted to l.u. with the 
length of the period in days and the standard for s.e. uptake. To 
find the production per ha, results per field have to be divided by 
acreage in ha. In case several fields have been temporarily united 
to one grazing lot, which often occurs, it is asFumed that partici-
pating parcels will be grazed proportionally and the total production 
may be divided by the total acreage. Actually, however, joining to 
bigger grazing units often suggests a certain disproportion in a 
generally low levelled fodder supply of the separate fields and the 
cattle is supposed to scratch up their required starch equivalents 
somewhere on the enlarged area. One may trust, however, that scant 
inaccuracies will cancel out in the average. 
2.4. Production periods 
Production periods proper, given in table 1 line f, are supposed 
to start the day after one exploitation cycle is finished and to end 
at the end of the next. Consequently it is accepted that during 
grazing the grass will still be growing. Since the rate of grazing, 
however, will excell the rate of growing, the s.e. supply of the 
field at the start of the grazing period, added to the production 
during grazing, is supposed to be finished at the end of that period. 
Therefore the length of any production period is considered to be 
the sum of the interval between two successive exploitation cycles 
and the length of the last one. Definition of the production period 
is required to get an idea of the mean net production rate during 
exploitation. The production rate is given in table 1 line m. It 
should be emphasized beforehand, however, that the net production 
rate is no standard for growth rate, since growth is similar to 
gross production i.e. production of total plant mass. Ending a 
grazing period does not necessarily imply complete consumption of 
all s.e. supply of the field involved. For the height of the grass 
in another field to be grazed may induce to remove the cattle to 
that field before the previous one has been finished. Delay would 
cause considerable losses as a result of grazing in grass being too 
high. In this case net production will be decreasing notwithstanding 
high gross production levels (BOSCH, 1956). Summation of the net s.e. 
production obtained through the successive exploitation cycles 
renders the cumulative production curve presented in fig. 2. 
3. SHAPE OF THE NET PRODUCTION CURVE 
In the series of elaborations of the exploitation data it was 
found that the shape of the net production curves rather diverges, 
depending on the succession and the nature of the separate exploita-
tion cycles. Reconstruction of the gross yield from net production 
curves requires investigation into nature and cause of this phenome-
non. In the previously chosen example given in fig. 2, a fluent free 
hand curve could be drawn through the observations and a satisfying 
S.E. ha-1 
7000 r-
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D time 
Fig. 2. Cumulative net s.e. production curve; farm no. 10, field 7 
(see fig. lb) 
Example of a well producing field in 1969; sandy soil, huraic 
M = mowing for hay making 
S.E. = starch equivalents 
N-level = 297 kg/ha 
graphical adjustment could be achieved. The reason is that the rela-
tively high production level of this field makes the grazing results 
with the given favourable intervals to fit well in the curves course. 
In most cases where mowing and grazing are alternating it will be 
different. Grassland exploitation by means of grazing only, however, 
will show a fluent S-shaped course of the net s.e. production almost 
without any exception. The upwards bend marks the initially slow, then 
ever faster growth in spring, while the central part, seemingly about 
straight, represents the maximal production rate in summer, often 
considered practically constant, though actually the curve is never 
straight at all. The turning of the curve to a horizontal course in 
late summer and fall demonstrates the decreasing production rate as 
a result of decreasing day length and temperature. Examples are given 
with fig. 3 and 4. 
The difference between grassland and arable crops is, that the 
latter without exception have to be considered annual, no matter 
whether they are actually of that nature like cereals and potatoes, 
or in fact perennials like beets, whereas grassland is ever treated 
as perennial crop. Arable crops, undisturbed growing on, will go 
through a process of ripening which accounts for the S-shaped bending 
towards a horizontal asymptote for maximal production. Grassland, 
however, will be periodically harvested and after each cut will make 
a new start. The growing process for each separate cycle, however, 
is never allowed to proceed for beyond the point where ripening 
starts,since starch as well as protein content are known to decrease 
rapidly in case the optimal moment for cutting is surpassed. 
The decreasing growth rate demonstrated by the bending curves for 
cumulative net production of fig. 3 and 4, therefore, is no matter 
of ripening, but merely of regrowth slowing down. 
In fact, under conditions of undisturbed growth, ripening of 
grass would start already in early summer, for instance during the 
1st week of June. Before this can happen, however, either grazing or 
mowing takes place whereafter renewed growth starts. The net produc-
tion curves of fig. 2 - 4 , which have been drawn as fluent, free hand 
curves are actually built up of smaller parts in which the process of 
slowly starting growth in spring is repeating itself accelerated 
10 
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Fig. 3. Cumulative net s.e. production curve; farm no. 1, field 6 
(1969), sandy soil. 
Example of a field merely being grazed; sufficient moisture 
supply; stock: milker 
S.E. = starch equivalents 
N-level = 127 kg/ha; standard S.E. = 3389, actual S.E. = 3318 
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Fig. 4. Cumulative net s . e . production curve; farm no. 2, f ie ld 9 
(1969), sandy s o i l . 
Example of a f ie ld merely being grazed; dry condit ions. 
Stock: calfs and yearlings 
Low production level 
N-level = 214 kg/ha; standard S.E. 3984, actual S.E. = 2727 
11 
after each operation. The picture therefore would be more according 
to what actually happens, if drawn as in fig. 5. The reason why these 
smaller sections never reach the point where the bending towards a 
horizontal course starts is, that in case of grazing, the grass will 
be trodden upon and more will be lost as the grass will be higher. In 
case of mowing, the grass will recover more slowly as it is cut later, 
i.e. as it is allowed to grow older. Moreover the s.e. content of the 
product harvested will be decreasing. So there is a double reason for 
the farmer to avoid intervals becoming to long, and consequently the 
shape of the separate sections of the growth curve will be as indica-
ted. The trend mentioned is showing very clearly in case mowing as 
first activity is followed by a number of successive grazing activi-
ties under non-optimal conditions. In this case a picture emerges as 
given in fig. 6 en 7. 
The first part of the net production curve takes the shape of a 
compound interest curve. The growth rate increases gradually according 
to a growing assimilation potential, created by the increase of total 
leaf surface, increasing day length and higher temperature. The grass 
will be mown for hay or silage making before growth will be slowing 
down as a result of ripening. Regrowth takes place under less favour-
able conditions, which fact is responsible for the kink in the curve 
at M. Grazing periods to follow, eventually interrupted by a repeat of 
mowing, will fit logically in the flattened S-shaped course of the 
second stage of the production process. 
4. RELATION BETWEEN NET PRODUCTION AND GROSS YIELD 
With respect to the relation between gross yield and net produc-
tion, much has been written but no definite solution given so far. 
By some authors they are discussed as two separate, mutually inde-
pendent phenomena. BOSCH (1956) notes: 'Net production gives an im-
pression of the quantities harvested, not of the fields production 
capacity'. For 'production capacity' one may fill in 'gross produc-
tion'. A definition by WIELING (1972) reads: 'The net production of 
grassland is the resultant of the catties production capacity, the 
12 
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Fig. 5. Cumulative net s.e. production curve; farm 12, field 3 (1969) 
Example of a field merely being grazed. 
Stock: milking cows 
High production level, clayey soil 
N-level = 265 kg/ha; standard S.E. 4295, actual 4756 
Regrowth is indicated hypothetically by repeated upwards 
bending. 
The influence of decreasing day length follows from the 
lessening steepness of the successive sections 
13 
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Fig. 6. Cumulative net s . e . production curve; farm no. 2, f ie ld 4 
Mowing in spring, followed by repeated grazing. 
Kink at M, as a r e su l t of regrowth 
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4 0 0 0 r 
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Fig. 7. Cumulative net s . e . production curve; farm no. 2, f ie ld 1 
Mowing in mid-summer, followed by repeated grazing 
Kink at M, as a r e su l t of regrowth under less favourable 
conditions (dry) 
Sections beyond M are similar in shape to curves of f i g . 2-5 
14 
A 
farmers choice with respect to fodder making and his professional 
skill', Suchlike sentences are based on the experience that ability 
and adaptability are ever of decisive significance for the feasibili-
ty of grassland exploitation. Negation of any relation between gross 
yield and net production, however, would mean strict denial of the 
significance of any means of increasing the productive capacity of 
the field, while yet this is the base for improved farming results, 
provided that the possibilities of the improvement will be fully 
utilized. Working systems therefore have to be improved simultaneous-
ly. 
Gross yield and net production are discussed as separate subjects 
of growth response also by 'T HART (1960). The author notices: 'Gross 
production meets less damage with excessive rainfall and more damage 
with moisture deficiencies than net production'. The interpretation 
of suchlike sentences might be, that with excessive rainfall the gap 
between gross yield and net production will be enlarged, whereas a 
moisture deficit will cause the gap to narrow. This can be schemati-
zed as follows: 
Normal 
.gross. 
• net ' 
Excessive rainfall 
-^- a ross- - ' • gross 
B 
net 
> Y 
As a result of wet conditions, 
gross production will be decreasing 
much less than net production. 
Compare x with y. Consequently the 
gap between gross en net production 
will increase considerably. Compare 
A with B. 
Normal Moisture deficit 
gross 
- n e t . 
gross ' • y i u a s - - -
_!_ net 
> X 
A moisture deficit makes gross pro-
duction decrease much more than 
net production. Compare x with y. 
Consequently the gap between gross 
and net production will decrease. 
Compare A with B. 
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In this way a clear indication of the relation between gross and 
net production is given, in spite of the initial denial of such rela-
tion. 
The reason why, under wet conditions, gross production is decrea-
sing less than net production, is, that grass growth in itself is sel-
dom seriously affected by an excess of water, provided that this will 
be temporarily, whereas net production will be much lower because 
grazing and mowing conditions become less favourable (treading). 
Under dry conditions, however, grass growth may be seriously 
hampered, which fact causes gross production to be low. On the other 
hand, the returns of grazing and mowing will be high in this case, 
so that net production will be much less affected. The way in which 
grazing losses by treading have to be accounted for in simulation 
models for grassland response to non optimal growing conditions will 
be discussed in more detail in a next paper. 
WILLEMSEN (1965) gives as his opinion that for gross production, 
precipitation is decisive, whereas for net production it will be 
temperature. SCHOTHORST and HETTINGA (1972) applied data of the 
STIBOKA (1970), fixing the ratio between net and gross grassland 
production at 62 7„ and 56 % for dry and wet peat soils respectively. 
Losses of starch equivalent by treading during the grazing under 
average conditions are estimated by SCHOTHORST (1963) at 40 %. They 
may vary, however, from 25 % in dry years on slightly humic sandy 
soils, to 55 % on wet peat soils and humic sandy soils in wet years, 
gross production then being high. According to this author, grazing 
losses on .slightly humic soils may be put on 35 %. An interesting 
conclusion reads: 'In case of high gross yields, net production will 
be high too, the returns, however, will be low. 'The reason is, that 
ample supply ever tends to less careful management. KOWALIK (1973) 
reports a similar tendency in Poland, though here it is more a matter 
of machinery for harvesting leaving behind larger quantities as 
yields grow bigger. 
Fig. 8 shows the relation between gross yield and net production 
for iLightly humic and humic sandy soils in the Netherlands. Data have 
been extracted from information by SCHOTHORST about a great number of 
profile types dating from the end of the fifties. The numbers in this 
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figure refer to the years of investigation. 
It should be stressed, that in this case the low yield (1959) is 
caused by a moisture deficit, since 1959 is known to have been a 
very dry year. Consequently, the 'returns' are relatively high. 
In cases where low yields are the result of a moisture excess, 
low returns will show, especially on humic sandy soils. The relation 
of figure 8 is valid only for increasing gross yield as a result of 
increasing moisture supply, since no wet years occurred within the 
period of investigation (1957-1960). The course of the returns as 
derived from the adjusted curve of fig. 8, has been drawn in fig. 9. 
Table 2 gives the s.e. returns adjusted, as well as net production. 
The correlation between gross and net production shows up very 
clearly here. Referring to this kind of data, SCHOTHORST (1963) sta-
tes that the net production of humic sandy soils.of the Mid-Nether-
lands is lower than that of the sLightly humic ones, in spite of a 
much higher production capacity of the former. The question arises, 
whether the gross yield of humic sandy soils may be so much higher, 
however, that in spite of lower returns, the net production too will 
be higher than that of the slightly humic soils. Such might be the 
case in relatively dry summers, when the chance of 'treading' on the 
otherwise wet soils is only small. 
Table 2. Returns of grazing; adjusted (constant N-level) 
Gross s-e-_, 3500 3750 4000 4250 4500 4750 5000 5250 5500 f57501feOOO field (s.e.ha ; 1 M 
returns of grazing in percent of gross yield 
Hum.sandy soils 61.5 61.4 61.2 60.6 59.9 59.1 57.8 56.4 54.8 52.9 50.7 
^Lightly hum.s.s. 79.5 76.6 73.7 70.8 68.2 65.4 62.7 60.3 57.9 55.6 53.3 
net s.e. production: (s.e.ha ) 
Hum.sandy soils 2153 2303 2448 2576 2696 2807 2890 3961 3014 130421 3042 
^Lightly hum.s.s. 2783 2873 2948 3009 3069 3107 3135 3166 3184 3197 |3198| 
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Mid-Netherlands 
net. production S.E. ha" 
4 0 0 0 , -
3000 
2 0 0 0 
1000 _L 
aslightly humic sandy soils 
b. humic sandy soils 
_L 
3000 4000 5000 6 0 0 0 7000 
-1 gross production S. E. ha" 
Fig. 8. Relation between gross and net production (data from 
SCHOTHORST, 1963) 
°/o returns 
80 
70 -
6 0 -
50 
Per iod: 1957-1960 
„ \ 
\ aJightly humic sandy soils 
* \ b humic sandy soils 
\ 
\ 
\ 
\ 
bc-°-o-a^ \ 
*^ c V 
3000 4000 5000 6000\N 7000 
gross production S.E. ha"1 
Fig. 9. According as gross production increases, returns will be 
decreasing 
Cause: In case of ample supply, the farmer will be less 
careful in his management 
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In the very dry year of 1959, however, this did not show, since 
humic and slightly humic sandy soils proved to be equally low in 
gross production. A definite answer to this assumption could not be 
obtained from one of the other years either. 
5. TRANSFORMATION OF NET S.E. PRODUCTION INTO GROSS D.M. PRODUCTION 
Information concerning gross/net ratios of t o t a l production 
will be insufficient to estimate this ratio on any moment of the growth 
process. Data of table 2 representing total production, therefore, are 
not allowed to be extrapolated towards lower values as occur in ear-
lier stages of growth. Making these data fit for conversion of the 
much higher values that are found in the seventies as a result of 
much higher nitrogen gifts, proves to be impossible either, since net 
production appear to become constant beyond a certain level of gross 
production. In other words, here the decrease of the returns is equal 
to the increase of gross production. According to the data of table 
2, this occurs beyond 5750 s.e.ha gross production on humic sandy 
soils, and beyond 6000 s.e.ha gross production on iLightly humic 
sandy soils respectively (see framed numbers in table 2). 
This simply means, that at the chosen nitrogen level of 70 kg N 
per ha, to which the original observations of the experimental farms 
had to be converted in order to obtain comparability to the gross 
yields of the 'C.I. 203' experimental fields, net production cannot 
excell 3042 and 3198 s.e.ha respectively. The nitrogen level for 
grassland in our time (1973), however, being about 300 kg ha and 
over, made the net production rise from about 3000-3500 s.e.ha in 
the fifties, to some 4500 or 5000 s.e.ha under the p r e s e n t 
conditions. This is the reason why the data of table 2 cannot be 
used unconditionally for our transformation purposes. (See third 
sentence of this paragraph). 
The only acceptable way in which to achieve a transformation of 
the net production curve into the gross production curve is, to con-
vert net s.e. production into gross d.m. production for each separate 
exploitation cycle successively. The reason why doing so is, that 
some information is obtained about gross/net and s.e./d.m. ratios for 
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production of grass, either being mown or grazed, on various moments 
of the growing season. Nothing, however, needs to be said about these 
ratios on any arbitrary moment between two successive activities, 
since during these periods of undisturbed growth, such ratios are in 
fact irrelevant. The actual exploitation cycles therefore, are the 
steady points in the transformation - technique. 
Examples of calculating gross d.m. production from net s.e. pro-
duction are given in supplement I. For any of the six exploitation 
cycles, transformation coefficients have been calculated from data 
about s.e. content in the dry matter of hay and fresh grass on vari-
ous moments of the growing season and from grazing and mowing losses. 
Since no information whatever could be obtained about grazing losses 
as a mere funtion of t i m e , returns of grazing have been considered 
to be constant throughout the season, viz. a mean 65 % on sandy 
soils in general. It should be stressed once more, however, that as 
soon as variation in moisture conditions of the soil are taken into 
account, returns of grazing have to be varied accordingly. 
Of the s.e. content in the dry matter it is known, that it may 
vary in consequence of age, light intensity, temperature and moisture 
supply. In late summer and autumn it will be lower than in spring 
and early summer, mainly as a result of decreasing light intensity 
and increasing precipitation; see table 3. 
Table 3. Mean weather conditions according to data of the Royal Institute for 
Meteorology in the Netherlands (KNMI) 
Months 
Light intensi-
ty cal/cm2/day 
Temperature C 
Precipitation 
mm/month 
April 
311 
8.5 
49 
May 
396 
12.4 
52 
June 
424 
15.5 
57 
July 
369 
17.0 
78 
August 
318 
16.8 
89 
September 
242 
14.3 
71 
October 
140 
10.0 
72 
The results of calculations, given in supplement I, have been 
summarized in table 4. 
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Table 4. Transformation coefficients for gross d.m. production/net s.e. production 
and gross d.m. production 
Closing date of exploi-
tation cycles 
d.m./s.e. 
gross/net d.m. 
gross d.m./net s.e. 
gross d.m. kg/ha 
adjusted 
8/6* 
2.041 
1.250 
2.5512 
3827 
3842.56 
3/7 
1.786 
1.538 
2.7469 
6270 
6384.13 
4/8* 
2.174 
1.250 
2.7175 
10 346 
9943.02 
10/9 
1.852 
1.538 
2.8484 
13 347 
13 733.80 
7/11 
1.923 
1.538 
2.9576 
16 990 
17 095.03 
16/11 
2.000 
1.538 
3.0760 
17 410 
17 298.06 
mowing; grazing underlined 
Since transformation of net production into gross yield is possi-
ble only in case a c t u a l quantities of product, being obtained 
either by mowing or by grazing, are concerned, no fluent transforma-
tion curve could be given. A suchlike curve would suggest the possibi-
lity of recalculating net production frem arbitrary growth levels, 
occurring somewhere between the closing dates of two successive ex-
ploitation cycles. As long as a cycle will not be completed, however, 
no grazing or mowing will take place, and consequently, transforma-
tion of mere growth levels into imaginary net productions is complete-
ly without any actual significance. 
In fig. 10 the calculated gross d.m. production of the successive 
exploitation cycles is cumulatively plotted and a free hand curve 
drawn through the points. 
In the table of Supplement II values are compiled of £ net pro-
duction in s.e.ha (column 4), net production rate in s.e.ha day 
v . . -1 
(column 5) I gross d.m. production in kg ha (column 6) and gross 
d.m. production rate in kg ha day (column 7). In fig. 11 the curve 
for the gross d.m. production rate is drawn. 
It should be stressed, that the relation between gross and net 
production, following from the two production curves of fig. 10, is 
valid only for the field taken as an example. For any other field, 
the transformation has to be executed once more, since the shape of 
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tons / ha d m . s e . 
2 0 i -
16 
12 
8 
a. gross production curve d m . 
b. net production curve s e . 
A M J J A S O N t ime 
Fig. 10. Cumulative gross d.m. production as derived from net s.e. 
production according to transformation coefficients of 
table 3 
Through the points a free hand curve has been drawn (a) 
Salland farm no. 10, field 7; .«Lightly humic sandy soil, 
sufficient moisture supply. 
Exploitation: 1969. Scheme: see fig. lb 
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gross product ion rate 
Dm. kg / ha /day 
120 i -
100 -
Salland fa rm n° 10, f ield 7 
S O N t ime 
Fig. 11. Gross d.m. production r a t e , reconstructed from cumulative 
gross d.m. production curve of f ig . 10. 
Production ra te does not exceed 112 kg d.m./day, roots 
excluded 
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the cumulative gross production curve depends on the exploitation 
sequence and the moment at which the separate cycles are completed. 
As shown in the previous pages, the most common sequence in 
grassland exploitation in Salland is mowing, eventually preceded by 
one or two grazing cycles and followed by a number of cycles that 
may be continued till far into October or even November, depending 
on weather conditions. A sequence also often met, is mowing without 
preliminary grazing, followed by a single, or by repeated grazing 
cycles, interrupted by a second mowing. Many other sequences can be 
thought of and in fact any variation may occur depending on prevailing 
conditions and personal choice of the farmer with respect to exploi-
tation techniques. 
6. FURTHER CONSIDERATIONS CONCERNING RECONSTRUCTION OF GROSS D.M. 
YIELDS FROM NET PRODUCTION DATA 
In case the first exploitation activity will be mowing, transfor-
mation of the first stage of the net production curve renders no 
complications. Nearly the complete upperpart of the grass, present at 
the moment of mowing will be actually harvested, except a small quan-
tity consisting of stubble. After settling mowing losses, the gross 
yield, i.e. the total amount of grass produced, can be reconstructed 
from the quantity of hay harvested. 
In case of preliminary grazing, however, it will be different. 
After settling grazing losses with net production found by multipli-
cation of number of livestock, number of grazing days and standard 
of s.e. consumed per l.u. day , a gross production is found of which 
no certainty can be obtained whether it is a reliable measure for 
the a c t u a l production of the field. 
The reason is, that in spite of the fact that in the field being 
grazed, the grass supply may not completely be finished yet, the 
condition of the grass on some other field of the farm may force the 
farmer to remove his cows to this latter field in order to prevent 
grazing losses caused by grazing in grass being too high. 
In such cases the a c t u a l gross production of the former 
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field has clearly been higher than could be calculated from data of 
net production based on information about exploitation. The amount 
of grass that is left behind in the field in consequence of premature 
removal of the grazing stock, is not included in gross production 
derived from net production data of this field, and may therefore be 
called the 'neglected part of the production'. 
This neglected part, however, will be automatically accounted for 
in the next cycle, provided this will be mowing, as it will be part 
of the total grass supply of the field at that time.In case no mowing 
follows, however, the actual gross production, and consequently the 
course of the curve between beginning and end of the total period of 
successive grazing cycles after mowing will be in doubt. In case it 
is assumed that the last grazing cycle will be continued untill the 
grass supply of the field, then available, will be completely finished, 
the total net production may be considered a safe base for calculation 
of the total gross production. 
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Supplement I 
CALCULATION OF GROSS DRY MATTER PRODUCTION FROM EXPLOITATION DATA 
1st cycle: The first cycle was m o w i n g (see table 1) and took 
place June 8th. Net production of hay amounted to 1500 
starch equivalents per ha. The s.e. content of hay that is 
made in early summer, amounts to 49 % in the dry matter. 
Consequently 1500 s.e. ha means a dry matter production 
equal to 100/49 . 1500 = 3061.22 kg d.m.ha"1 n e t . 
Losses in hay making are taken at a mean 20 % of gross 
production. Therefore a net d.m. production of 3061.22 kg 
ha will be equal to a gross production of 
100/80 . 3061.22 = 3827 kg d.m.ha . The transformation 
coefficients that can be applied for calculation of gross 
d.m. production from net s.e. production in this first 
stage of growth follow from the s.e. content in the dry 
matter of hay and the losses in hay making as given above: 
These data are valid for this first cycle only. 
Transformation coefficient d.m./s.e. = 100/49 • 2.041 (a) 
Transformation coefficient gross/net d.m. = 100/80 = 1.250 (b) 
Transformation coefficient gross d.m./net s.e. = a x b = 
= 2.55125 (hay) 
2nd cycle: The second cycle was g r a z i n g and took place from 
June 28th - July 3rd. Net production of grass, according 
to chapter 2.3, amounted to 889.2 starch equivalents per 
ha (see table 1). 
The s.e. content of fresh grass amounts to 56 % in the dry 
matter in spring and early summer (information from the 
Institute for Animal Husbandry in the Netherlands). Conse-
quently 889.2 s.e. ha means a dry matter production of 
100/56 . 889.2 = 1588 kg d.m. ha"1 net. 
Estimation of the net production of this field in case of 
exclusive grazing: 4500 - 4750 s.e. ha . According to 
table 2, returns of grazing will then amount to a mean 
65 % on lightly humic sandy soils. Therefore a net d.m. 
production of 1588 kg ha will be equal to a gross produc-
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Supplement I (continued) 
tion of 100/65 . 1588 = 2443 kg d.m. ha"1* 
Transformation coefficients for d.m./s.e. and gross/net 
d.m. can be derived in a similar way as done for the 
1st cycle. 
d.m./s.e. = 100/56 = 1.786 (a) 
gross/net d.m. = 100/65 = 1.538 (b) 
gross d.m./net s.e. = a . b = 2.74687 (grazing) 
For the next cycles the explanation will be schematized 
3rd cycle: M o w i n g ; date: Augustus 4th. Net production 1500 s.e. 
ha (hay) (see table 1). 
S.e. content of hay made in August will be a little lower 
than in spring and has been put therefore on a hypotheti-
cal 46 % in the d.m. 
Net d.m. production = 100/46 . 1500 = 3261 kg d.m. ha" 
Losses in hay making are similar to those of 1st cycle 
i.e. 20 %. 
Gross d.m. production = 100/80 . 3261 = 4076 kg d.m. ha" 
Transformation coefficients d.m./s.e. = 2.174 (a) 
Transformation coefficients gross/net d.m. = 1.250 (b) 
Transformation coefficients gross d.m./net s.e. = a . b = 
= 2.7175 (hay) 
4th cycle: G r a z i n g ; date: 3/9-10/9. Net production = 1053.36 
s.e. ha (see table 1). 
Due to decreasing day length and temperature the s.e. 
content of fresh grass in late summer will be less than 
in spring or early summer and has been put therefore on 
54 % in the d.m. 
Net d.m. production = 100/54 . 1053.36 = 1951 kg d.m. ha" 
(net) 
Since no information could be obtained about grazing los-
ses as a function of time, returns of grazing are conside-
red constant viz. 65 %. 
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Supplement I (continued) 
Gross d.m. production = 100/65 . 1951 = 3001 kg d.m. ha" 
Transformation coefficients d.m./s.e. = 1.852 (a) 
Transformation coefficients gross/net d.m. = 1.538 (b) 
Transformation coefficients gross d.m./net s.e. = a . b = 
= 2.84838 
5th cycle: G r a z i n g ; date: 29/10-7/11. Net production = 1231.20 
s.e. ha (see table 1). 
S.e. content in the d.m. according to decreasing day length 
52 %. 
Net d.ra. production = 100/52 . 1231.20 = 2368 kg d.m. ha 
(net). 
Returns of grazing = 65 %. Gross d.m. productie = 
100/65 . 2368 = 3643 kg d.m. ha"1 
Transformation coefficients d.m./s.e. • 1.923 (a) 
Transformation coefficients gross/net d.m. = 1.538 (b) 
transformation coefficients gross d.m./net s.e. • a. b. = 
= 2.95757 
6th cycle: G r a z i n g ; date: 7/11-16/11. Net production = 136.62 
s.e. ha (see table 1). 
S.e. content in the d.m.: 50 %. Net d.m. prod. = 
100/50 . 136.62 = 273 kg d.m. ha"1. 
Returns of grazing = 65 %. 
Gross d.m. productie = 100/65 . 273 = 420 kg d.m. ha"1 
Transformation coefficients d.m./s.e. = 2.00 (a) 
Transformation coefficients gross/net d.m. = 1.538 (b) 
Transformation coefficients gross d.m./net s.e. = a . b -
= 3.0760 
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